We selected 125 candidate single nucleotide polymorphisms (SNPs) in genes belonging to the human type 1 interferon (IFN) gene family and the genes coding for proteins in the main type 1 IFN signalling pathway by screening databases and by in silico comparison of DNA sequences. Using quantitative analysis of pooled DNA samples by solid-phase mini-sequencing, we found that only 20% of the candidate SNPs were polymorphic in the Finnish and Swedish populations. To allow more effective validation of candidate SNPs, we developed a fourcolour microarray-based mini-sequencing assay for multiplex, quantitative allele frequency determination in pooled DNA samples. We used cyclic minisequencing reactions with primers carrying 5¢-tag sequences, followed by capture of the products on microarrays by hybridisation to complementary tag oligonucleotides. Standard curves prepared from mixtures of known amounts of SNP alleles demonstrate the applicability of the system to quantitative analysis, and showed that for about half of the tested SNPs the limit of detection for the minority allele was below 5%. The microarray-based genotyping system established here is universally applicable for genotyping and quanti®cation of any SNP, and the validated system for SNPs in type 1 IFN-related genes should ®nd many applications in genetic studies of this important immunoregulatory pathway.
INTRODUCTION
Single nucleotide polymorphisms (SNPs) represent the most abundant form of genetic variation, and they occur on average at every 1±2 kb in the human genome (1) . Over 4 million SNPs have been identi®ed (http:// www.ncbi.nlm.nih.gov/SNP/), and of these SNPs over 1.2 million have been mapped to the human genome (http:// snp.cshl.org/genome.shtml). Due to the abundant repetitive sequences in the genome, all of the SNPs contained in the databases are not necessarily true polymorphisms, or they may not be polymorphic in a speci®c population of interest (2, 3) . With the increasing attention towards wholegenome linkage studies and the interest in de®ning the haplotype structures across the genome (4±6), validation of the large collections of SNPs is a challenging task that requires universally applicable and ef®cient genotyping methods. Quantitative analysis of pooled DNA samples is a useful approach for increasing the throughput when large numbers of SNPs should be validated. Methods based on single nucleotide primer extension, mini-sequencing, have proven to be particularly well suited for this purpose (7, 8) . In this study we developed a`tag'-microarray system (9) for multiplex quantitative analysis of SNPs in pooled DNA samples (10) using four-colour¯uorescence detection.
The human type 1 interferon (IFN) gene family consists of 13 IFN-a genes, the IFN-b gene, the IFN-w gene and 11 pseudogenes (11) . The main signalling pathways for the type 1 IFNs include at least two receptor subunits, two protein-tyrosine kinases and four signal transducers and activators of transcription (12±14). The type 1 IFNs are cytokines mediating both antiviral and growth-inhibiting effects. Despite the fact that the type 1 IFNs are part of the ®rst line defence against various forms of infections (15) and may have a crucial role in the pathogenesis of several autoimmune diseases (16, 17) , the genetic variation of the type 1 IFNs and the components of their signalling pathway is still poorly characterised.
Of 125 candidate polymorphisms in IFN genes and genes belonging to the IFN signalling pathway, we assembled a panel of 25 SNPs that were polymorphic in the Swedish and Finnish populations and established the microarray-based genotyping system for this panel of SNPs. The system allows accurate quantitative determination of allele frequencies ranging from 5 to 95% in pooled DNA samples. As the format of our method permits analysis of each panel of SNPs in 56 samples per microscope slide, it is also a robust tool for highthroughput genotyping of SNPs in individual samples.
MATERIALS AND METHODS

DNA samples
DNA was extracted from blood samples of Swedish volunteer blood donors using the Wizardâ Genomic DNA Puri®cation Kit (Promega Corporation, Madison, WI). The DNA concentrations were measured spectrophotometrically at 260 nm. Equal amounts of DNA from 150 female and 100 male donors, respectively, were combined into two pooled DNA samples. The Finnish pooled DNA sample originated from a batch of pooled leukocytes from about 180 donors (18) .
SNPs
One hundred and twenty ®ve candidate SNPs were identi®ed in silico by performing BLAST sequence comparisons against the NCBI human EST and the HTGS databases (http:// www.ncbi.nlm.nih.gov/). Redundant matches were ®ltered out (19) , and the potential SNPs were primarily selected at sites where the sequence variation was observed in at least one other sequence and was surrounded by good quality sequence with similarity scores of b98% and sequence lengths b1000 bases. SNPs were also identi®ed in the dbSNP database (http://www.ncbi.nlm.nih.gov/SNP/) and in HGVbase (http:// hgvbase.cgb.ki.se/). Some of the SNPs in dbSNP were found using the SNPper (http://bio.chip.org:8080/bio/), a web-based tool to search for known SNPs in public databases. The RepeatMasker program (http://ftp.genome.washington.edu/ cgi-bin/RepeatMasker) was used for excluding SNPs located in repetitive elements or sequences. In cases for which PCR primers that align outside the repetitive parts could be designed, a candidate SNP was studied further.
Primer design
The PCR primers were designed with the Primer3 program (http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www. cgi). Most of the PCR primers were designed to have the bases A and C at their 3¢ end, and all primers had universal 5¢ sequences to unify the kinetics of multiplex PCR. These sequences also facilitated a second ampli®cation with universal biotinylated primers. The mini-sequencing primers contained 5¢ 20-bp`tag' sequences (Supplementary Material, Supplement 1) that were from the Affymetrix GeneChipâ Tag collection. The SNPs included in the microarray panel were typed with mini-sequencing primers for both DNA strands. To avoid major hairpin±loop formations, the tagged minisequencing primers were tested with the Cybergene AB primer design program (http://www.cybergene.se/primer. html). The primers were synthesised by Thermo Hybaid Interactiva GmbH, (Ulm, Germany) or Sigma Genosys (Cambridgeshire, UK). The mini-sequencing primers are listed in Supplement 1, and the PCR and mini-sequencing primers used for analysing the SNPs that were found to be polymorphic in the populations studied are listed in Supplement 2.
PCR
PCR ampli®cations for the allele frequency quanti®cation on the microarrays were done in multiplex reactions with three primer pairs per reaction. Additional SNPs were ampli®ed in individual reactions. The PCR conditions were 95°C for 10 min, then 40 cycles of 95°C for 1 min, 55°C (in some cases 53°C) for 1 min, 72°C for 1.5 min and a ®nal extension at 72°C for 5 min using 10 ng of genomic DNA with 0.02 or 0.035 U/ml (for the multiplex PCRs) AmpliTaq Gold DNA polymerase (Perkin-Elmer, Branchburg, NJ) and 200 mM of dNTPs in 50 ml of 10 mM Tris±HCl, pH 8.3, 50 mM KCl and 0.001% (w/v) gelatine. The MgCl 2 concentration was 1.5 or 4 mM (for the multiplex PCRs) and the primer concentrations were 0.3 or 0.4 mM. For analysis on the microarrays the PCR products were pooled to contain roughly equal amounts of each amplicon and 7 ml of the pooled product was used further.
Solid-phase mini-sequencing in microtitre plates
To test if the initial 125 candidate SNPs, chosen using in silico search and from public databases, were polymorphic, they were analysed in pooled DNA samples. The DNA region spanning the SNP was ampli®ed by PCR with primers containing universal 5¢ sequences, followed by a second PCR ampli®cation of 1 ml of a 1/100 dilution of the ®rst ampli®cation product using a universal biotinylated primer. The PCR products were captured in streptavidin-coated microtitre plate wells, and the variable nucleotides of the SNPs were detected using solid-phase mini-sequencing with 3 H-labelled dNTPs according to a standard protocol (18) . The signal ratios measured for the two alleles of an SNP in the pooled sample were normalised with respect to the corresponding signal ratios in a heterozygous sample, in which the two alleles are present in equal amounts, whenever there was a known heterozygote available (10) . Alternatively, the speci®c activities of the 3 H-labelled dNTPs (A 69 Ci/mmol, C 52 Ci/ mmol, G 33 Ci/mmol, T 127 Ci/mmol; Amersham Pharmacia Biotech, Uppsala, Sweden) were used for calculating the allelic ratios in the pooled DNA samples (markers IFNAR2-g and IRF5-b) (10) .
Preparation of microarrays
Oligonucleotides complementary to the`tag' sequence of the mini-sequencing primers modi®ed with NH 2 -groups in their 3¢ ends, and containing a 3¢-spacer sequence of 15 T residues were coupled covalently to Motorola Activated Slides (previously denoted 3D-LinkÔ-slides; Motorola, Northbrook, IL). The attachment protocol given by the manufacturer was used, with the only exception that the`anti-tag' oligonucleotides were dissolved in 400 mM sodium carbonate buffer, pH 9.0 at a 25 mM concentration, as this buffer was found to give better attachment ef®ciency in preliminary experiments. The oligonucleotides were applied onto the slides by contact printing using a ProSys 5510A instrument (Cartesian Technologies Inc., Irvine, CA) with four Stealth Micro Spotting Pins (SMP3) (TeleChem International Inc., Sunnyvale, CA). The oligonucleotide spots were 125±150 mm in diameter, and the centre-to-centre distance between two adjacent spots was 220 mm. Each slide contained 56 subarrays in a conformation of 14 rows and four columns at the same spacing as the wells of a 384-well microtitre plate (see Fig. 1 ). The`anti-tag' olignucleotides were printed as duplicate spots in each subarray A Cy3-labelled oligonucleotide was included as a spotting control and an extra tag sequence was included as a control hybridising to a TAMRA-labelled complementary oligonucleotide added to the reaction mixture before the capturing step. After printing, the arrays were kept in a chamber with 75% relative humidity for a time period between 4 and 72 h (20) , after which the excess of amine-reactive groups were deactivated by keeping the slides for 15 min at 50°C in a solution containing 50 mM ethanolamine, 0.1 M Tris±HCl, pH 9.0 and 0.1% sodium dodecyl sulphate (SDS). The slides were washed three times; ®rst with dH 2 O, then with a solution containing 600 mM NaCl, 60 mM sodium citrate, pH 7.0, and 0.1% SDS at 50°C for 15±60 min, and ®nally with dH 2 O. The slides were stored desiccated at 20°C until use.
Cyclic mini-sequencing reactions
Pooled PCR products from each sample were treated with 0.5 U/ml Exonuclease I (USB Corporation, Cleveland, OH) and 0.1 U/ml shrimp alkaline phosphatase (USB Corporation) in 3.6 mM MgCl 2 , 50 mM Tris±HCl, pH 9.5, in a total volume of 10.5 ml. The mixture was heated to 37°C for 60 min, followed by inactivation of the enzymes at 99°C for 15 min. Each mini-sequencing reaction mixture contained 10.5 ml of PCR product treated with Exonuclease I and shrimp alkaline phosphatase, all the tagged mini-sequencing primers at a concentration of 2.5 nM each, 0.09 mM of each¯uorescently-labelled ddNTP (Texas Red-ddATP 85 000 M ±1 cm ±1 , TAMRA-ddCTP 91 000 M ±1 cm ±1 , R110-ddGTP 78 000 M ±1 cm ±1 , Cy5-ddUTP 250 000 M ±1 cm ±1 , NENÔ; Life Science Products, Brussels, Belgium), 0.017% Triton-X, 17 mM Tris±HCl, pH 9.5 and 0.07 U/ml of DynaSeq DNA polymerase (gift from Finnzymes OY, Helsinki, Finland) or ThermoSequenase (Amersham Pharmacia Biotech). Chemically synthesised single-stranded oligonucleotide templates were used at 1.5 nM concentration under identical reaction conditions. The total mini-sequencing reaction volume was 15 ml, and the cyclic reactions were performed in a Programmable Thermal Controller (MJ Tetrad Research) for 34 cycles of 95 and 55°C for 20 s each.
Capture by hybridisation
The array slides were pre-heated to 42°C in a custom-made aluminium reaction rack with a re-usable silicon rubber grid placed on the slides to form 56 separate reaction chambers on each slide (21) . The hybridisation mixtures, containing 15 ml of mini-sequencing reaction product and a TAMRA-labelled hybridisation control oligonucleotide at 1 nM concentration in 23 ml of 900 mM NaCl, 90 mM sodium citrate, pH 7.0, were added to each reaction chamber on the microscope slide. Four control reactions without mini-sequencing reaction product were included on each slide. The hybridisation reaction time was 2.5±3 h at 42°C, after which the slides were brie¯y rinsed with 600 mM NaCl and 60 mM sodium citrate, pH 7.0, at 20±25°C. The slides were further washed twice for 5 min with 300 mM NaCl, 30 mM sodium citrate, pH 7.0, and 0.1% SDS that had been pre-heated to 42°C and twice for 1 min with 30 mM NaCl and 3 mM sodium citrate, pH 7.0, at 20±25°C. Finally, the slides were spin dried for 5 min at 140 g.
Signal detection and data interpretation
Fluorescence signals were measured with a ScanArrayâ 5000 instrument and the ScanArrayâ 3.1 software (Packard BioScience Ltd, UK) using the excitation lasers: Blue Argon, 488 nm; Green HeNe, 543.8 nm; Yellow HeNe, 594 nm; and Red HeNe, 632.8 nm. Due to the broad emission spectrum of the¯uorophore TAMRA, the detector channel for Texas Red (emission maximum 612 nm) measures~10% of the signal from TAMRA (emission maximum 575 nm). Thē uorescence signal intensities were quanti®ed using the QuantArrayâ 3.0 software (ScanArrayâ 5000; Packard BioScience Ltd). The auto-balance/auto-range function of the ScanArrayâ 5000 instrument was used for normalisation of the signal intensities. The laser power was kept constant at 95%, whereas the photo-multiplier tube (PMT) gain varied between¯uorophores and experiments. Typical settings for the PMT gain were 90, 80, 65 and 85% for the¯uorophores Texas Red-ddA, TAMRA-ddC, R110-ddG and Cy5-ddU, respectively. The signal measured from each spot was corrected by subtracting the average background, measured from eight spots immediately below the primer spots, in each well. The genotypes for the individual SNPs were assigned using cluster analysis of the corrected signal intensities by a Microsoft ExcelÔ macro, using a cut-off value of 1000 uorescence units for the sum of the signals for both alleles. Allele frequencies were determined from backgroundcorrected signal intensity ratios after normalisation using a standard curve.
RESULTS
We selected 125 potential SNPs in the type 1 IFN genes and the genes coding for the proteins belonging to the main IFN signalling pathways by screening public databases and by in silico DNA sequence comparisons. The SNPs are denoted by acronyms that indicate the gene in which they are located (Supplement 1 and Table 1 ). The potential PCR products spanning the IFN regulatory factor 5 (IRF5-a) and IFN alpha (IFNA2-a, 4-d, -e, -f, 6-a, 7-a, -b) SNPs were found to align to multiple locations by BLAST analysis to the human working draft sequence (January 2001). Sixteen of the 125 candidate SNPs were located in an Alu repeat, mammalian-wide interspersed repeat (MIR), long interspersed element 1 (L1) or medium reiteration frequency 1 (MER1) repeat sequences, and the design of unique PCR assays was possible for eight of them. The design of primers for PCR ampli®cation and genotyping by`mini-sequencing' primer extension was successful for 101 of the 125 candidate SNPs.
To assess if these candidate SNPs are polymorphic, and to determine their allele frequencies in the Swedish and Finnish populations, three pooled DNA samples containing equal amounts of DNA from 150 Swedish women, 100 Swedish men and 180 Finnish individuals, respectively, were analysed by solid-phase mini-sequencing in a microtitre plate format (10, 18) . This analysis revealed that only 25 of the candidate SNPs (20%) are polymorphic in the Finnish and Swedish populations as de®ned by allele frequencies >1% for the minor allele ( Table 1 ). The allele frequencies for each SNP were identical for the Swedish women and men. The frequency of three SNPs (IFNAR2-g, IFNAR2-k and TYK2-g) differed from each other in the Swedish and Finnish populations by 10±15% (P < 0.05). A subset of 29 of the 125 SNPs was also validated by sequencing pooled samples with DNA from 42 individuals representing African Americans, Asians (10 Chinese, 32 Japanese) and Caucasians by the Kwok Laboratory at Washington University, St Louis, MO (3, 22) . For most of the SNPs, the polymorphic status was the same in these populations as in the Nordic populations, with the exception of two SNPs (STAT1-f and STAT1-j) that seemed to be speci®cally Nordic polymorphisms, and one SNP (IFNAR21-b) that was much more frequent in the Nordic populations (Table 1 and Supplement 1). The low yield of true polymorphic SNPs in the databases emphasises the requirement of ef®cient methods for verifying and genotyping SNPs. This need prompted us to develop a system for multiplex validations of SNPs by mini-sequencing in a microarray format to serve as a tool for multiplex quantitative analysis of SNPs in pooled DNA samples.
The 25 identi®ed SNPs in candidate genes belonging to the IFN signalling and regulatory pathways (Table 1) were included in a panel for multiplex genotyping in a microarray format (Fig. 1) . The genotyping system is based on cyclic mini-sequencing reactions in solution using primers with a 5¢-tag sequence in the presence of dideoxynucleotides labelled with the four¯uorescent dyes Texas Red, TAMRA, R110 and Cy5. The multiplex,¯uorescent reaction products are captured and sorted on microarrays carrying tag sequences complementary to the 5¢ part of the mini-sequencing primers. The tag oligonucleotides are positioned in an`array of arrays' conformation (Fig. 1B) on the microscope slides to facilitate the genotyping of 56 samples for both strands of the 25 SNPs in duplicate on each microscope slide. Figure 2 shows the four uorescence images of one row of`subarrays' in which four individual DNA samples have been analysed.
The DNA polymerase used for the mini-sequencing reactions has been engineered to ef®ciently incorporate dideoxy nucleotide analogues (23) , but the incorporation ef®ciency varies between the four nucleotides, and is dependent on the sequence context of the SNP. Using synthetic oligonucleotides with identical sequences¯anking one variable base as templates we compared the ef®ciency of incorporation of the four ddNTPs labelled with the same¯uorophore (TAMRA). We found that TAMRA-ddCTP is most ef®ciency incorporated followed by ddATP, ddGTP and ddUTP (Table 2) . Moreover, the four¯uorophores exhibit different uorescent properties (molar extinction coef®cients, emission spectra and quantum yields), which are re¯ected as differences in signal intensities when measured in the array scanner. Table 2 illustrates that the relative¯uorescence intensities between the¯uorophores differ when they are measured directly, and after the four-colour mini-sequencing reactions using the synthetic template. Comparison of these¯uores-cence intensities indirectly shows that the ef®ciency of the DNA polymerase to incorporate a nucleotide is affected by thē uorophore attached to it. The differences in measured signal intensity between the¯uorophores after mini-sequencing reactions can be partly compensated for by adjusting the laser power and PMT gain of the array scanner to avoid saturation of the signals or signals falling below the detection threshold. Most importantly, the sequence¯anking an SNP affects the ef®ciency of nucleotide incorporation. The ef®-ciency of incorporation as well as possible mis-incorporation of labelled ddNTP are unpredictable and thus dif®cult to correct for. Figure 3 shows two examples of cluster analysis obtained when 75 individual samples were genotyped for two SNPs, IFNAR1-w with an A to G transition, and STAT1-f with a C to G transversion. Due to the combined effect of the factors described above, the positions along the x-axis of the clusters corresponding to the heterozygous genotypes differ between the two SNPs, but the clear difference in ratios between the three clusters allows unequivocal genotype assignment for both SNPs.
The power of the microarray-based system for multiplex quantitative determination of allele frequencies in pooled DNA samples was evaluated. Quanti®cation standard curves were prepared for nine SNPs by mixing DNA of different genotypes in ratios ranging from 100% of one allele to 100% of the other allele at 5 or 10% increments. The mixed samples were analysed by the four-colour¯uorescence minisequencing method. Figure 4 shows the regression lines obtained when the measured¯uorescence signal ratios were plotted as a function of the corresponding allelic ratios in the mixed samples. Those with correlation coef®cients between 0.95 and 0.99 show that the allelic ratios determined by fourcolour mini-sequencing are proportional to the original allelic ratios in the mixed samples. The detection sensitivity for the minority allele varied between the SNPs, owing to differences in the¯uorescence intensities and incorporation ef®ciency for the¯uorescent nucleotides. For half of the alleles included, the sensitivity of detecting a minority allele was below 5%, and for several alleles it was below 2%. The standard deviations (SDs) were calculated based on four parallel reactions and varied between the SNPs from 1 to 10%. Given this encouraging result, the allele frequencies for the nine SNPs were determined by analysing the pooled DNA samples representing the Swedish and Finnish populations. The allele frequencies were determined by comparing the¯uorescence ratios obtained in the pooled samples with standard curves. The allele frequencies could also be determined by normalisation against a heterozygous sample, as was done for the individual SNPs. The allele frequencies determined by fourcolour¯uorescence mini-sequencing (Table 3) are concordant with those obtained by solid-phase mini-sequencing of individual SNPs using 3 H-labelled dNTPs (Table 1) , providing evidence for the accuracy of the four-colour multiplexed minisequencing method.
DISCUSSION
In the present study we developed a system that multiplexes SNP analysis in two dimensions. First, the assay format facilitates genotyping of up to 100 SNPs in 56 samples per microscope slide using four-colour¯uorescence detection and, secondly, the system allows quantitative analysis of SNPs in pooled samples containing DNA from hundreds of individuals (10) . The¯exible strategy for SNP genotyping based on cyclic mini-sequencing reactions in solution with 5¢-tagged primers used here as a tool for quanti®cation was ®rst described for genotyping individual SNPs in a format based on microspheres detectable by¯ow cytometry (24, 25) . The tag-array concept has previously been combined with high-density GeneChips (Affymetrix) that use a double labelling with Cy5 and indirect detection of biotin with phycoerythrin-labelled streptavidin (9) and with low density microarrays using nucleotides labelled with three¯uorophores (26) . A system with four-colour detection has the advantage that it allows multiplex detection of both DNA strands of all possible SNPs in the same reaction (27) . For quantitative application the use of four¯uorophores in the same reaction is particularly advantageous because it eliminates variation between signals due to possible spot to spot variation originating from array printing, which would otherwise hamper the quantitative analysis on the microarrays. The accuracy and sensitivity of the quantitative analysis is affected by the accuracy of the single nucleotide incorporation catalysed by the DNA polymerase. Using¯uorescent ddNTPs and the ThermoSequenase DNA polymerase we were able to detect as little as 2% of the minority allele for some of the SNPs. Our original mini-sequencing method uses 3 H-labelled dNTPs that are chemically similar to the natural dNTPs in combination with Taq DNA polymerase, and allows detection of as little as 1% of the minority allele for most SNPs (7, 10) .
Other primer extension methods that should allow accurate and sensitive determination of allelic ratios for SNPs are pyrosequencing that uses unlabelled dNTPs followed by luminescence detection of released pyrophosphate (28) and assays with mass spectrometric detection of unlabelled dNTPs and ddNTPs (8, 29) . These methods cannot, however, be multiplexed for more than a few SNPs. A ligation assay based on a`zip-code' strategy allowed detection of <1% of a single SNP allelic variant in a preliminary study (30) , and could in principle be developed further towards a multiplexed microarray format. The quantitative performance of the four-colour mini-sequencing tag-array system established in our study compares favourably with detecting minority alleles by extension of immobilised allele-speci®c primers using a reverse transcriptase (21) .
There is an evident lack of studies applying the generic tagmicroarray format to high-throughput genotyping of SNPs. One obvious reason for this, shared by all current SNPgenotyping methods, is that the throughput of the methods is limited by the requirement of performing multiplex PCR ampli®cation of the region spanning each SNP prior to genotyping. Another reason for the lack of high-throughput applications is that the microarray formats, in which one microscope slide is used for each sample, were originally designed for expression pro®ling of large numbers of RNA species in relatively few samples (9, 26) . This is impractical for SNP analysis where typically many DNA samples are analysed. The`array of arrays' conformation that we have developed allows analysis of up to 80 individual samples per microscope slide and thus removes the latter limitation (21, 31) . The possibility of multiplex quanti®cation of minority allelic variants of SNPs implies that the four-colour mini-sequencing system also performs robustly for highthroughput genotyping of multiplex SNPs in individual samples. Compared to mini-sequencing with speci®c primers immobilised on microarrays (20, 32) , or arrayed primer extension (27, 33) , the tag-array approach, in which the primer extension reactions are performed in solution, is less prone to false positive signals due to template independent extension of the primers. An additional advantage is that the production of the microarrays with generic anti-tag sequences is more convenient as the same arrays can be used for multiple applications.
Identi®cation of SNPs in the type 1 IFN gene family and design of assays for potential SNPs in these genes proved to be a dif®cult task. The IFN type 1 gene family has a complex genomic organisation with 15 intronless genes and 11 pseudogenes mapping to the short arm of chromosome 9. It is likely that the complexity of the type 1 IFN gene family has led to the inclusion of an unusually large number of false SNPs in the databases. In our study, we identi®ed altogether 23 potential SNPs in seven type 1 IFN genes through database searches, but out of these 23 candidate SNPs only two were found to be real polymorphisms in our populations. The draft sequence of the human genome published in February 2001 revealed that at least 50% of the sequence is comprised of repetitive sequences (34) . The high number of repetitive elements and paralogous sequences complicate the identi®ca-tion of informative SNPs and the design of assays for them. In our study, 16 potential SNPs were located in repeated elements, and only one of them turned out to be a true polymorphism. As the draft sequence of the human genome is constantly being updated, the information on SNPs contained in the databases changes frequently as new data is gained.
Due to the important immunoregulatory functions of the IFN family and the IFN signalling pathway, the panel of SNPs for these speci®c genes that we have validated in the current study should ®nd a variety of applications in genetic studies of cancer, autoimmune disorders and viral infections. A system for multiplex SNP validation is particularly useful for complex genes such as those of the type 1 IFN gene family for which the databases contain incomplete information. In the system established here for SNPs in type 1 IFN genes and genes of the IFN signalling pathway, 100 genotypes are generated per subarray, and each microscope slide holds 56 of thesè subarrays', which translates into 5600 genotypes per microscope slide. When pooled samples with DNA from 100 to 200 individuals are analysed, data corresponding to 0.5±1.0 million SNP alleles is extracted from a single microscope slide. The four-colour mini-sequencing system described here represents a signi®cant improvement over existing microarray-based methods for SNP genotyping and is universally applicable to any SNP. Its multiplexed format opens prospects for performing high-throughput association studies with large numbers of SNP markers using multiple pooled samples from individuals with different phenotypic characteristics. Figure 4 .
